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VERTICAL-TAIL AREA AND TAIL LENGTH

WITH AND WITHOUT HORTZONTAL TAIL SURFACE

By Lea.F. Fehlner and Robert MacLachlan

SUMMARY

The results of tests of a circular fuselage with
various combinations of taill lengths and vertical tall
surfaces with and without the horizontal tail surface
in the 6~ by 6-foot test section of the NACA stabllity
tunnel are reported in the form of dilagrams of varl-
ation of coefficlents of lateral force and yawing
moment with angle of yaw and angle of attack.

The results of these tests indicated that the
change 1n the unstable yawing moment of the fuselage
alone due to increased tall length did not apprecilably
affect the yawing moment of a fuselage and vertlcal-
tall combination. The addition of a horizontal tall
increased the efficlency of the vertical tall in
normal-flight attitudes and in the region of negative
angles of attack. Existing methods of computing tall
effectiveness gave results within 17 percent of the
measured values for the cases computed.

INTRODUCTION

Desirable qualities for the lateral stability and
control characteristics of an airplane .are dependent
on the set of stability derivatives pecullar to the
alrplane. The stabllity derlivatives can be changed
by changes in airplane parameters, such as vertical-
tall area, horizontal-tail area, and tall length,
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Extensive tests to determine the changes in stability
derivatives effected by uniform changes in airplane
parameters have been made with a model geometrlcally
similar to the model used in the present investigation.
Included in these tests were the effects of cowlings,
of wing positlons, and of the presence of a vertical
tall (references 1 and 2). Referance 1 1s malnly con-
cerned wlth 1lift and drag characterlstics, whereas
reference 2 deals with the effects of yaw on the
lateral stabllity characteristics of a rectangular
wing with a circular fuselage and vertical taill.

The present investligation, in which the model
was tested without wings, 1s an attempt to determine
experimsntally tke baslc changes 1n stablllity deriva-
tives caused by uniform changes 1in vertical-tall area
and tall length and by the presence of a horlzontal
tall. Because a goometrically similar model has been
tested in the LMAL 7- by 10-foot tunnel (reference 3),
the data may be used for correlating the results 1in
the two wind tunnels.

The tests were made in the NACA stability tunnal
and i1ncluded an angle-of-attack range from -10° to 20°
and an angle-of-yaw rangs from 12° to -30° with various
combinatlons of three fuselages of different lengths
and five vertical-tall areas with and without a
horlzontal tail surface. Two combinatlons of the model
parts used in the present tests are geometrically
silmilar to the model used in the LMAL 7- by 10-foot
tunnel for the tests of raferences 2 and 3.

APPARATUS AND MODEL

The tests were made 1n the NACA stabllity tunnel
6~ by 6-foot clossd-throat test ssction with the
regular six-compcnent balance.

The principal dlmensions and ths arrangement of
the parts of ths model used in the investigation are
shown in figure 1. All the model parts are made of
laminated mahogany. Figure 2 shows the model
unassembled, and figure 3 shows the modsl mounted
on the model support. The horizontal strut supporting.
the model does not rotate. in plteh with the model.

The vertical struts rotate in yaw with the model and
remain alined with the relative wind.
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The fuselage 1s of circular croas section. Its
length can be changed by the use of three 1lnterchangesable
tall cones. . When the shortest of these tall cones 1s
attached, the fuselage 1s geometrically similar to the
circular fuselage described in reference 1 and to the
model used for the tests reported 1ln reference 2. The
coordinates for the medlum and long taill cones were
obtalned by extending the abscissa for the length of
the short tall cone according to the formula

L
X, = X5 # Xolc - 1) sin 3g Xo

where

o abscissa for original length

a length of portion to be distorted

c ratio of original length of portion to be distorted
to flnal length of portion distorted

X, abscissa for final length of distorted portion

The ordinates correspondlng to X; are taken as those
corresponding to Xy from which X; was computed. The

tall lengths, the lengths of the three fuselages and
tall cones, and the ratlos of the tail lengths to the
48-inch span of the proposed wing are given in table 1.

Filve geometrically similar vertical taill surfaces
wore made to conform to the NACA 0009 section. In plan
form they are representative of the vertlcal tall
surfaces used on the average alrplane. The geometric
aspect ratio of each vertical tall is 2.15./[ The
horizontal tall surface was made to conform to the
NACA 0009 section. Its geometric aspect ratlio 1s 3.99.
The numbers by which the tall surfaces are deslignated,
‘thelr areas, and the ratlos of these areas to a proposed
ieggan lar wing area of 361 square inches are glven in

able 2.

TESTS

The model comblnations tested are given in table 3.

Angle-of-attack tests for each model comblnatlon
were made over a range from -10° to 20° at angles of yaw
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of -5%, 09, and 5°. Angle-of-yaw tests for each model
combination were made over a range from 12° to -30° at
angles of attack of -10°, 0°, 109, and 20°.

The dynamlc pressure for the tests was 65 pounds
per square foot, which corresponds to a veloclty of
about 160 miles per hour. The Reynolds number based
on an 8-inch wing chord was about 888,000.

RESULTS

The results are presented as standard nondlmenslonal
coefflcliants bassd on the dimenslons of a rectangular
wing proposed for the model. The followlng symbols are
used hereln and the senses are defined relatlve to a
person within the airplane faclng the dlrection of motlon:

Cy  lateral-force coefficient (Y¥/qSy)
Cn yawing-moment coefficient (N/qS,b)
Y latsral force (positive to right)

yawing momsnt (positive when right wing tip tands
to move rearward)

dynamic pressure (%pvz)

q

p alr dansity

Vv tunnel-alr veloclty

o ¢ Cy

\JY\!’ - E\U

oC

Cu, = &

Ii \II \1[

U} angle of yaw, degrees (positive when right wing
tip has moved rearward)

a angle of attack, degrees (positive when tall has
been depressed)

2 taill length

b wing span (48 in.)

Sf vertlcal-tall aresa
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] horizontal-taill area

8
Sw wing area (361 sq in.)

Ar aspect ratio of vertlcal tall surface

Figure 4 shows the system of axes used in the
measurement of forces, moments, and angleas., The axes
are fixed iIn the model for all changes in angle of yaw.
For changes 1n angls of attack, -the X-axls remains
In the plane in which 1t was locatad at a = 0°, The
exes Intersect the model at the assumed center of
gravity, which is 10.40 inches behind the nose.

The lateral-stablllty derlvatives are computed,
for the range of angle of attack, from measursments
of lateral force and yawing moment at angles of yaw
of $59; the variation of the forces and moments with
angle of yaw 18 assumed to be linear over the 15° range
of angle of yaw,

Angle-of-yaw tosts were made to check the linearilty
of the curves of Cy and Cp against angle of yaw in

the *5° angle~of-yaw range. The slope of these curves
shows that the varlatlion of the forces and moments
within the angle-of-yaw range of #5° 1s linear except
at high angles of attack. The measured slepes of these
curves are plotted with tailed symbols in the figuras.

The measurements of lateral-force coefficlsnt Cy

are consldered accurate to *0.0012 and of yawing-moment
coefflclent Cpn to +0.0005. The angle-of-yaw measure-
ments are accurate to about 0.05°, and the angle of
attack 1s accurate to about 0.1°,

A model geometrically similar to the NACA stabllity
tunnel model was tested in the LMAL 7- by 10-foot tunnel
and the results of the tests were reported in refer-
ence 5. The model conslsted of the short fuselage,
vertlcal tall surface 4, and the horizontal taill surface
and was tested 1n the IMAL 7- by 10-foot tunnel at a
dynamic pressure of 16,37 pounds per square foot, which
corresponds to a veloclty of 80 miles per hour. The
Reynolds number based on a 1l0-inch chord was 619,000 and
the turbulence factor was 1.6. The model tested in the
NACA stabllity tunnel 1s seight-tenths the size of the
model tested 1In the LMAL 7- by 10-foot tunnel and was
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tested at a dynamic pressure of 65 pounds per square
foot corresponding to a veloclty of 160 mlles per hour
and a Reynolds numbar of 888,000. The turbulence of
tre alr stream in the NACA stabllity tunnel is not
¥nown but 1s believed to be lowesr than that of the
LMAL 7- by 10-foot tunnel. Variation of Cyw and an

with a for tae similar models are shown in flgure S.
Values of CYW and cnw agree well for the two sets of

data. The maxlmum dlscrepancies occur at high angles
of attack in the reglon of the stall.

In order to check the data obtalned 1in the
NACA stabllity tunnel, a temporary one-component spring
balance was installed to measure the yawing moment due
to sideslip. The model support consisted of a cylindrical
rod fixed perpendicular to the top of the tunnel by a
tripodal wire stay. The model was supported in the same
position in ths tunnel as on the regular tunnel balance
except that 1t was inverted. Such an arrangement was
expected to glve.altogether different lnterference
effacts from the regular support. Flgure 6 showsa ths
varlation of C, with V¥ thus obtalned for a typlcal
case at an angle of attack of 0° and cempared with
silmllar data for the model on the regular support in
the NACA stabllity tunnel and in the ILMAL 7- by 10-foot
tunnel. The two- sots of data obtalned in the NACA sta-
bility tunnel check each ethar. The data obtalned from
the LMAL 7- by 10-foot tunnel check the slmape fram the
NACA stabillty tunnel within 8 percent. Thls difference
in slore 1s the same as the difference shown in fig-
ure 5 for C, at-an angle of attack of 0°. The source

of the discre%ﬁncy 1s not nbvious from the data but may
be the differences 1In the deflectlon of the models,
angularities of the alr stream, or model-size to jot-
slze ratlos.

The results are presented in tha form of curves
that show the effects. of changas 1in fuselage length for
fusalage alone 1ln flgures 7 and 8; of changes in
vertical~-tall-area, figures 9 and 10; of changes in
tail length, figures 11 to 13; of adding the horlzontal
tall surface, figuras 14 to 16; and of changss in tail
length and vertical-tall area with constant tail volume,
figures 17 and 18. The data plotted in the varlous
figures and the modsel combinations used in obtalning
each plot are summarigzed in table 4.
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DISCUSSION
Effect of Changes in Fuselage Length for Fuselage Alone

"Ths effect of changes 1n fuselage length on the
stabllity of the fuselage alone 1s shown in figures 7
and 8. The derivative C was increased by an

increment of 0.0007 by incrsasing the value of 1/
from 0.418 to 0.618. The absolute magnitude of thils
Increment 1s small compared with the magnitude of
derivatives for the fuselage with the vertical tall
surfaces tested. The derivatlive Cp 1s very slightly

changed by ths change 1n fuselage length relatlve to the
magnitude of the derlvetives for the complete model.
Although thsoretical analysis indicates that the unstable
yawing moment of the fuselage alone varles with fineness
ratio and volume, thls variatlon has not been detected
herein because tho magnitude of the varlation 1s of the
same order as that of the experimental accuracy.

Effect of Changes 1in Vertlcal-Tall Area

The effect of changes in vertical-tall area (hori-
zontal tall on) 1s shown in figures 9 and 10. At an
angle of yaw of -10° and at an angle of attack of 0° ’
changing Sf/Sw from a value of 0.0€59 to 0.0974

Increased Cy by an increment of 0.019 and Cp Dy an

incremsnt of 0.0097. Throughout the angle-of-attack
range, the same change in Sg/Sw 1increased Cy by

an increment of about 0.0014 and qu by an lncrement
of about 0.00098.

The values of CYW and an decrease with angle
of attack- the decrease for & change 1n angle of attack
from -5° to 5° 1s 0.00043 for Cp, with vertical tall

surface 2 and 0,00048 with vertical tall surface 4. The
decrease in Cy  for the same decrease in angle of

attack and for either vertical-taill area 1is 0.0012.
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Effect of Changes in Tall Iength

Ths effect of changes 1n tall length 1s shown 1n
flgures 11 to 12 for the model with the horizontal tall
surface and vsrtical tall surface 4. The change in Cy
due to changing 1/b from 0.418 to 0.€618 1s small and
probably negliglible for cases in whlch the lateral force
1s largely tha contribution of the vertical tall surface.
The effect on CYW as shown in figure 12 anpears

Inconsistent but 1s small and therefore probably
negligible.

) The yawlng momsnt dus to sldeslip 1ncreases with
tall length. This increase in Cp 1ncreases with V¥

up to shortly aftser the stall of the vertical tall sur-
face. At valuss of V¥ beyond the stall, Cp 1is
increassad about 0.01 by an lncrease in tall length

Of Ollu *

Changing the value of 1/b from 0.418 to 0.518
causes an lncrease 1in an of arproximately 0.0007

throughout ths anglse-of-attack range. An lncrease in
Z/b, however, from 0.518 to 0.618 causes increases
of 0.0C059 and 0.00046 in Cp, at angles of attack

of -5° and 59, respsctivsly. Increasing the angle of
attack descreases C, . For the short, medium, and

long tall lengths, the decrease 1n an 1s 0.00015,

0.000287, and 0.00050, respesctlively, for an 1increase in
angle or attack from -59 to 59,

Ths effsct on an and CYW of changing ths

vertlcal-tail area and tall length 1s shown 1in

figure 12. The model, 1n thls cass, is at an angle of
attack of 2° and is equipped with the horlzontal tail
surface. Increasas 1ln vertical-tall area produce
regular lncreasas in both CEW and an. Increases

In tall length producs regular increasas 1In Cp

axcepnt for the extremely small values of Sf/Sw for
which the dlrectlional instabllity 1s of the same
order of magnitude as for the fuselage alone. For
all practical values of Sf/Sw, thsrefore, 1increasing



NACA LRR No. IL4E25 9

tall length 1nareaﬁes theldirectional atabllity as
measured by ~ an T

BEffect of Horizontal Tall Surface

The removal of ths horizontal tall surface decreases
the efflclency of the vertical tall surface in all
attltudes except at large angles of agtack. (See filgs.14
to 16.) For the long fuselage, at -5~ angle of attack,
the value of Cyw 1s decreased by an Ilncrement of 0.001

by removing the horlzontal tall surface whereas, at
50 angle of attack, GYW 1s not decreased. The effect

on Cyw, in general, 1s the same magnitude for the

short-fuselage and vertical-tall comblnation. For the
long fuselage, flgure 15 shows a large effect on an

that varles from a docrease of 0.00090 at an angle of
attack of -5° to a decrease of 0.00029 at an angle of
attack of 5°. The corresponding decreases for the
short-fuselage and vertical-tall comblnation are 0.00054
and 0.00020. (See fig.1l6.) By removing the horlzontal
tail surfacs, tho efflclency of the vertical tall

surfaca 1s therefore decreassd by an amount that varles
with angle of attack. The decrease 1s slightly greater
for the short-fusslage and vertlcal-tall comblination
than for the long-fuselage and vertical-tall combinatlon.

Effect of Changes with Constant Tall Volume

The effect of changes 1n tall length and vertical-
tall area with tall volume held constant based on the
dimensions given for the model 1s shown 1n figures 17
and 18. The derivative C increases as the vertlcal-

tail area 1lncreases and as the tall length decreases.
The value of the derivative an theoretically should

not vary wilth changes 1n tall length and vertical-tail
area 1f the tall volume 1s held constant. The variation
of an, measured experimentally, is small over the

range of angle of attack from 4° to 12° but is appreciable
at negative and at high posiltive angles of attack.
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Comparison with Theoretical Varilatlons

The experlilmental results have been compared with
theory by means of accepted simple calculations that
Involve a minlmum of antlcipatlion for the deslred results.
Thas first of these calculatlons can be made from the
expression of the varlation of lateral force with side-
sllp, whilch can be written as

Cy ) =(CY ) + (CY) (1)
( v total v fuselage v f

where (?YW) 1s the expsrlmental value obtalned
fuselage

in this investigation,

Sy Khe
(CY.,> = 2w g - Ar + 2K (2)
¥) . W

and f denotes vartlcal tall surface. The constant K
is given in refersnce 4 as 0.875 for an elllptical span-
wise loading. If the snanwlse loading of the vertical
tall surfacs 1s assuriad to bs elliptical rfor the purposes
of snalytical trestment ar.d 1f the nodsl dimsnslions are
used as previously rlvsn, valuss of Cyw for vertlcal

tall surfucas 2 ani 4 are 0.J00Z48 and 0.00E1l5, respec-
tively, uccording to equation (2). Ths correspondlng
exnerimantal vaiuss ccemputed from the date accordlng to
equatlicn (1) at CO zngle of atteclk and with a horizontal
tall on the long fusalags &ra 0.0038 end 0.C054. The
thecreticual ratatlon ithon underestimutes the value

of CY@ by 9 pcrcant for vertical tall surface 2 and

5 percsnt for vertical tall surface 4. Simllarly,
an may be wriltten

(o), = - ¥ %), ‘

Theoretlcal valuss of an for vertical tall surfaces 2

and 4 on ths long fuselage are -0.00215 and -0.00317,
rosnactively. The corrsspondlng sxperimental valuss for
the modal withh tbe horlzontal tall surface are -0.00226
and -0.03330. 1Ths theoretlcal relation then under-
estimates tha value of an for combinatlons with the

R

)
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long fuselage by 5 percent for vertical tall surface 2
and 4 percent for vertical tall surface 4.

= s

The theoretical valuss of an for vertical tall

surface 4 1n comblnation with the medlum and short
fuselages ars -0.00267 and -0.00215, respectively. The
corresponding values of -0.00277 and -0.00207 were .
obtained experimentally for the model wilth the
horlzontal tall surface. -‘The theoretlical relation then
underestimates cnw for the medlum tall length and

vertical tall surface 4 by 4 percent and overestimates C

for the short tail lsngth and vertlcal tail surface 4 by
4 percent. If. ths value of CYW computed according to

equation (2) 1s increased by 2 percent, the resulting
values of CYW and an ara within 7 percent for the

cases analyzed. Thls 2-percsnt increase in CYW may

account for the 1anfluence of the horlzontal tall surface,
the Influence of the fusslags, or any pscullaritles of
flow. The resulting dlscrepancles, which amount to

17 percent, are slightly less than twice the limits of
dlscrepancy shown previously betwesen the data from the
NACA stabllity tuanel and the LKAL 7- by 10-foot tunnel.

CONCLUSIONS

The results of tests 1n the NACA stabllity tunnel
of a clrcular fuselage with various combinations of taill
langths and vertical tall surfaces with and wlthout the
horizontal tall surfaces indicated ths followilng
concluslons:

l. The effect of the change in the unstable yawing
moment of the fuselage alone due to 1lncreased taill length
on the varlation of yawing moment with sideslip was
negligible.

2. At an angls of attack of 2°, the vertical tail
surface 1n the presence of the horizontal tail surface
produced values of lateral-force derivative CYW and

yawing-moment derivative an that were withln 7 per-
cent of the estlmated values.
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3. The addition of the horlizontal tail surface
increased the efflclency of the vertlical tall surface.
The Iincresse In CYW varied from 0.001 at an angle of

attack of -5° to O at an angle of attack of 5°; and the
increase 1In C varled from 0.00090 at an angle of

attack of =-5° to 0.00039 at an angle of attack of 5°.

Langley Memorlal Aeronautlical Laboratory
National Advisory Committee for Aeronautics
Lengley Fleld, Va.
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TABLE 1

FUSELAGE DIMENSIONS

13

Fusolage| tangen| length | Gne) | |Tamlenth L
(in.) (in.) (1)
Short 32.25 9.85 20.07 0,418
Medlium 37.05 14.65 24 .87 .518
Long 41.85 18.45 29.67 .618

1Tail length measured from center of gravity, assumed to
be 10.40 in. behind nose of the modsl, to hinge 1line
of tall surfaces.

TABLE 2

NATTIONAL ADVISORY

COMUIT

-
TE3

AREAS OF VERTICaL AND HORIZONTAL TAIL SURFACES

!rTa&mrsurface Designation T?:é i;?? %%%é—g;g%
Vertical 1l 10.83 0.0Z00
DoO~==== 2 22.78 .0659
DO===== 3 28,237 .0786
DO~~=aw 4 35.16 . 0974
DO---a= 5 46,20 .1278
Horlzontal | ----vww--- 64.21 .178

FOR AERONAUTICS



TaBLE 3

MODEL COMBINATIONS TESTZD

Horizcatal{Vartical dorisontal |Vertical
|Combination|Fuselage tsil tail Corbinaticn}Fuszelage tail tail
surfaca 3urfLed surface . |[surface
1 Short .0ff off 12 E3dium On 1l
2 --do-- -==d0o=-~~ 4 13 ~--=do=~==| =--do--- 2
3 Long ---do--~ off 14 ---do-==] =---do--- 3
4 --do-- c==Q0=-~= 4 15 ~==dQ0===| ==-d0=== 4
5 Short On orf 16 ---do-==}] =-~do-~- 5
6 --do-- -e=dO=~= 1 17 Long -==do=-=- orff
7 --do-- -==G0~=~ 2 18 ~--do==~]| -~-do-==~ 1
8 --do-- ---do--- 3 19 ~-=do-==] =-=do-=--~ 2
9 ~=do~-~ -==do--~ 4 20 ~=~do===} ==-d0=-- 3
10 -~do-- -==d0--~- 5 21 ~==do===] -=-=d0~~- 4
11 ¥edlum | ---do--- off 22 ---do~~=! ---do-=-- 4 5

NATIONAL ADVISORY
COVMITT..3 FOR AERONAUTICS

G2EP1 °ON HYUV VOVA

Y1
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TABLE 4

PRESENTATION OF RESULTS

Plot com%gg:%ion Flgure
CYW and an agalnst a 9 &g
Cp against v 9 )
Cy and Cp agalnst V¥ 1l and 3 7
CYW and an agalnst a 1l and 3 8
Cy and Cp agalnst v 19 and 21 9
CYW and an agalnst a 19 and 21 10
Cy and Cp against V¥ 9,15, and 21 11
CYW and an agalnst ; 9,15, and 21 12
Cy, and Cp agalnst Ef at a =29 5 to 22 13
Cy and Cp agalnst V¥ 4 and 21 14
CYW and an agalinst o 4 and 21 15
CYﬁ and an against a 2 and 9 16
Cy and C, agalnst ¥ 0,14, and 19 17
cYﬁ and an agalnst a 9,14, and 19 18

8A1s0 shown in this figure are results from LMAL 7- by
10-foot tunnel for model with dimenslons geometrically
simllar to model comblnatlon 9 tested in NACA stablllity
tunnel.

¥ATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



NACA ARR No. L4EZ25

1.280R 1.6 720"
&

(W) Y =
S| K e 2
~J it S 0
>~ N —
od
| ~ A N
Y &
>
- O
| 1
| <
©

N 28 BT
S Lo |3
‘_? 2.046 NS
+ | 1
.05 g 008§ 1-2BOR 7416 §
' 6, . -§ % -§
1467 i? | 784~ N
4 0.71"R~—4.121"~ ¥
' S 3.384" <l
NATIONAL ADVISORY e )
COMMITTEE FOR AERONAUTICS. 0.991 -~ L
Figure | .= The circular fuselage, vertical and horizontal tails,

and tail cones with the principal dimensions for assembly:.



NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS.

"Figure 2.-

Parts of model.
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Figure 3.- Mode! mounted on model support.
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T- by 10-foot tunnel for rate of change of stabllity derivatives
CYW and CnW with angle of attack. Horlizontal tall surface onj

1 Sr _
3= 0.418; vertical tail surface [, E; = 0.097.

*3T4d

*ON dYV VDOVN S

S2AYT



NACA ARR No. L4E25 A Fig. 6
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Figure 6.- Comparison of data obtained with NACA
stability tunnel regular balance, NACA stablility
tunnel spring balance, and LMAL T7- by 10-foot
tunnel balance for rate of change of yawlng-
moment coefficient with angle of yaw. Horizontal

taill surface on; % = 0.418; vertical tail surface l,

s |
2f = 0.0974; a = 0°.
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Fig. 7 NACA ARR No. L4E25
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Figure T7.- Effect of changing fuselage length on rate of change of
lateral-force and yawing-moment coefflclents wlth angle of yaw.
No horizontal or vertical tail surfaces; a = 0°.
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Pigure 8.- Effect of changing fuselage length on rate of change of ?
stabllity derivatives CYw and an with angle of attack. ;

No horizontal or vertical tall surfaces.
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Fig. 9 ' NACA ARR No. L4E25
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Figure 9.- Effect of changing vertical~tall area on
rate of change of lateral-force and yawing-moment
coefficients with angle of yaw. Horlizontal tall

surface on; — = 0.618; a = 0°.
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Figure 10.- Effect of changing vertical-tail arsa on rate of change _
of stability derivatives GYw and an with angle of attack. |

Horizontal tail surface on; % = 0.618.
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Pig. 11 | NACA ARR No. L4E25
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Figure 11.- Effect of changing tail length on rate of
change of lateral-force and yawing-moment coefficlents
with angle of yaw, Horizontal tail surface on; verti-

cal tail surface |, 55 = 0.0974; a = 0°.
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Flgure 12.- Effect of changlng tail length on rate of change of
stabllity derivatives GYW and an with angle of attack.
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Fig. 13 " NACA ARR No. L4E25
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Figure 13.- Effect of changing tall length on rate of
change of stability derivatives Cy, and an with

vertigal-—tail area. Horizontal tall surface on;
a = 2°.



NACA ARR No. L4EZ25 Fig. 14
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Figure 1lj.- Effect of horizontal tall surface on rate of
change of lateral-force and yawing-moment coefficilents

with angle of yaw. ‘% = 0.618; vertical tail surface l,

s
=L = 0.0974; « = 0°.
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Pigure 15.- Effect of horizontal tall surface on rate of change of
stability derivatives CYW and an with angle of attack.

Sp
= 0.618; vertical tail surface l, g; = 0.0974.
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Figure 16.- Effect of horizontal tail surface on rate of change of
stablility derivatives CYW and an with angle of attack.

£
% = 0.418; vertical tail surface L, §; = 0.097L.
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Flgure 17.- Effect of different combinations having
constant tall volume on rate of change of latersal-
force and yawing-moment coefficlents with angle
of yaw. Horizontal taill surface on; a = 0°,
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Figure 18,.- Effect of different combinations having constant tail volume
on rate of change of stabllity derivatives CYW and an with angle

of attack. Horizontal tail surface on.
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